Abstract-A new distance measurement method with the use of a single camera and a circle marker is presented. The distance measurement is based on the idea that a circle marker at a longer distance forms a smaller image when the parameters of the imaging system remain unchanged. Firstly, the image region of the circle marker is segmented and rotation correction algorithm is designed and applied to recover the supposed image region when the circle marker is perpendicular to the camera optical axis. The distance value can be calculated by the corrected image region area and pinhole camera model. Finally, experimental results show that distance information can be retrieved by the proposed method.
I. INTRODUCTION
During tracking an object, distance between an mobile robot and the object is required to control the action of the robot. There are many ways of distance measurement, which are found as ultrasonic ranging, millimeter-wave radar ranging, laser ranging and vision based ranging[1]- [4] . Because of its merits, such as low cost, non-contact, vision based distance measurement is paid more and more attention. Paper [5] proposed vision-based global positioning methods, it used object-based and spatial-based layout hybrid map, through the horizontal centerline axis passing through the image, which is similar to the 2D data laser range finder, through the restoration of the depth information, to determine the position and angle of the robot. Paper [6] proposed a full range of stereo vision method, using mainly CamShift algorithm, it could achieve real-time tracking of objects and calculate the three-dimensional coordinates of objects accurately. Paper [7] proposed method of tracking to get the distance based on binocular, through the camera calibration; it found the targets' position in the world coordinate system. Paper [8] proposed tracking methods based on monocular, it used the size of the rectangular marker by making a matching to determine whether to go forward or backward, with the SURF algorithm to achieve tracking.
The main contribution of this paper is that a monocular camera based distance measurement algorithm is proposed, which adopts a circle marker and retrieve distance information by the phenomenon that objects at farther positions will form smaller images if the conditions of the imaging system remain unchanged.
II. MATHEMATICAL FOUNDATION
This method uses a monocular camera to obtain images of the circle marker and retrieve distance information by analyzing the images. The relationship between distance and images of the circle marker is analyzed and built in the section.
A. Distance Measurement Principle
Based on the pinhole imaging theory [9] , the principle used in the paper is shown in Fig. 1 : In the world coordinate system, the radius of the marker is R, the area is S. In the camera coordinate system, the radius is r, the marker' area is s, focal length is f, object distance that need to calculate is d.
Based on pinhole imaging principle and Similar Triangles, the relationship can be obtained as follows:
For the area of plane geometry, it can be looked as the process to evaluate one function definite integral, which is proven still meet the formula (3). In the actual tracking, the target may be into various shapes, but, according to the meaning of area, the area of irregular shapes can be obtained by the definite integral. Based on definition of definite integral, it can be supposed that the function 
, and makes summation.
And formula:
, the formula (4) infinitely is close to a constant, the constant can be called the area of function
. Thus even if the target is irregular shapes can also be represented by the formula (3) to calculate.
During the movement of the target, it may occur deflection transform with translation along an axis direction, when the target only occurs translation transform, it moves the position on a plane, and the distance away from the camera do not change.
B. Marker Occurs Rotational Movement
For the photographs are two-dimensional, after the marker makes a rotation, the projection resulting in the imaging will become an ellipse. The distance calculated based on the area will be a great error; it needs to make a redress to calculate the area of the circle on this distance.
As is known, the three-dimensional rotation matrixes are as follows:
The following three basic (gimbal-like) rotation matrices [10] When the marker rotates around any axis of the threedimensional, it is easy to validate the projection' longer axis length obtained after rotation is the diameter of the circle at the same distance.
Assuming the angle of the marker take rotations about x, y, z axis is respectively , , . Obtained after the rotation about 
Obtained after the rotation about z axis, coordinate of new 
By the camera imaging principle, the projection can be looked as the circle spatial coordinates' z equals to 0, and it is an ellipse. Calculating the maximum time-to-center, the long axis of the ellipse can be obtained as follows: Therefore, when the circle marker turns around the center, the area of the circle at this distance can be recovered by the measured length of the major axis.
III. ALGORITHM IMPLEMENTATION
To use the algorithm in a real application, algorithm implementation is discussed in the section. The algorithm flowchart is shown in Fig. 2 . 
A. Image Data Acquisition
One monocular camera is used to obtain images of the circle marker. The camera could be shared with other functions, such as visual navigation. However, camera inner parameters have to be known.
B. Image Preprocessing
Before the images are used to recover distance information, image preprocessing algorithms are applied to improve image quality. Then image data is transformed into HSI color space, which can help design algorithms to reduce navigate effect of light conditions for maker image segmentation.
C. Marker Segmentation
It splits the marker in the use of color characterizes. But there may be present of the object as the same color characteristic with markers in the environment. According to the actual shooting environment, the largest part is selected after the same colors objects was divided, and this area is be used as the area of marker.
D. Center Localization
Since the marker is a circular, it is obtained ellipse after rotating, and the pattern is regular. In order to obtain the long axis of ellipse, the diameter of the circle, the center of the plane graphic of the marker is needed. According to the definition, the coordinate of center is respectively the first moment of x, y, namely: 
E. Rotation Correction
Making the connection between the focus of the ellipse with the boundary points, it calculates the distance of connection in turn, corresponding to the angle with the x coordinate axes, to make a linear fit. If the graph has distinct peaks and valleys, then it is proven that the marker makes rotating, and it needs to use to get the length axis to get the right area, if not, directly the area of the detected to calculate distance.
By selecting the maximum distance away from two points with angles of 180 degrees, the connection between the two points is the major axis length. Results of the process are shown in Fig. 3. a) the original picture b) The corresponding fitting graph Fig. 3 . The curve fitting to calculate ellipse long axis.
F. Distance calculation
According to the major length, the area of the circle is calculated, and then it can be calculated to get the distance between the marker and the robot.
IV. EXPERIMENTAL RESULTS AND ANALYSIS
In order to validate the proposed algorithm, several experiments have been carried out. Firstly it selects eight pictures at different distances between the camera and the experimental marker to verify the away. Then it selects three different sets of pictures at three distances for different angles to verify the rotation.
A. The Verification of Away
The circle segmentation maps of different distances are shown in the Fig. 4 . Since in the filming process, the similar color characteristics objects with the marker may exist in the environment, so there are some influences on the divided images. But the results can be seen from the data, the error of calculated distance is less than 2cm, in practical applications, such error is within an acceptable range. The dates are shown in Fig. 5 and Table I .
Since in the filming process, the similar color characteristics objects with the marker may exist in the environment, so there are some influences on the divided images. But the results can be seen from the data, the error of calculated distance is less than 2cm, in practical applications, such error is within an acceptable range. The dates are shown in Fig. 5 and Table I. 
B. Rotate Verification
In order to verify whether the actual rotation markers in compliance with the above principles, it selected three sets of data that were in 110cm, 120cm, 140cm distance. Then the marker is rotated at any angle, and then seeks its long axis length. The data obtained has been shown in Table II and  Table III as follows. From the above data, it can be seen, the method in the text to obtained the long axis, and then it uses the length of the major axis to recover the circle. The method from the area of circle marker to calculation has a more accurate result.
V. CONCLUSION
In order to solve the difficulties of the encountered when measuring the distance in real-time tracking, in this paper, a new distance measurement method with the use of a single camera and a circle marker is presented. Firstly, A distance measurement mathematical model is established which is based on a circular marker, while, the impact after the marker rotating is analyzed, in order to eliminate the impact on the measurement result after rotation. Algorithm framework is proposed that can be used in the actual system implementation, the algorithm is programed, and the validity and accuracy of the algorithm is verified. 
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